P la te 16 F ig ure 3. The effect of crystal o rientation on th e deform ation produced by cyclic therm al tre a tm e n t. T ypical areas on tin -an tim o n y specim ens containing 10 % antim ony after 100 cycles betw een 30 a n d 150° C. (a) specim en w ith colum nar crystals (preferred orientation) ( x 44), (b) specim en w ith equi-axed crystals (random orientation) ( x 80). 
1.
The previous papers of this series (Morris 1937 (Morris , 1938 (Morris , 1939 ; referred to sub sequently as I, II and III) have dealt in detail with the two-dimensional potential motion round an infinite cylinder of quite general shape. In I, I derived the kinetic Before concluding this introduction I should like to refer here to more recent papers by Sohngen (1940) , Sears (1940 Sears ( , 1941 , Kussner & Schwarz (1940) , Schwabe (1943) , and von Karman & Tsien (1945), none of which, so far as I can gather, overlap the developments of the present paper, being rather extensions of the special linearized theories of previous writers. The present paper was, however, completed in 1941, publication having been delayed for obvious reasons, and proper reference to the work in these later papers will be given in connexion with further work which lias been planned.
T h e g e n e r a l f o r m u l a e 2.
It was pointed out in II that a change in sign should be introduced into the results of I owing to the convention that ?/ = +00 corresponds to 00. Now notice, in addition, that since there is a discontinuity in the motion at the trailing edge the contour of the cylinder does not lie completely in a' region of irrotational motion. Therefore Bernoulli's equation for the pressure at all points of the contour cannot be used. To avoid the difficulty it must be assumed that the trailing wake is confined to a narrow band from the trailing edge, and then provided the contour integrals are taken from the trailing edge round the contour and back to the trailing edge, the previous analysis holds. This means that in the £-plane the limits instead of being 27 ta nd 0 should be + na nd -tt. In effect this only m value of one term in the expression for the forces, and one term in the expression for the couple, viz. the K term, which appears now as
pRc[aQ + S ( -) n««)
l n-2 in the expression for the force, and -(~m > n + &.)} in the expression for the couple. It will be noticed that although in I no mention is made of a trailing wake, the fact that a variable circulation is assumed must I think indicate that there is a point of discontinuity on the contour which must be taken at the trailing edge, although the trailing wake is neglected.
The results from I for the force and couple used in II are derived from a potential function It is these results in their original form that I have used in III to find the forces and couple on the special Joukowski aerofoil. The result of the above change in the K term will mean that some of the expressions in III are incorrect, as well as the coefficients in the equations (9-1) and (9-2) for A. With the approximations I have made, however, the final condition (9-5) for the stability of the flat plate, remains unchanged, whilst that for the Joukowski aerofoil becomes I0 n2jTJ2 > 4np{a(a -2x0 -xQ) + VoVo} cos 2a + It can be easily seen that the conclusions arrived at in tnai paper still hold. It is usually assumed that at the end of the trail the vorticity is zero, or mx -0, so that the second term may be dispensed with. Also assuming in the usual way that the increase in K counterbalances the circulation in the addition to the wake, then -pJte{s,+jib-)*®.).
Again in calculating in
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The complete expression for the forces on the aerofoil, using other results found in II, is therefore to be interpreted as where V 8 is the velocity of the vortex relative to the cylinder. This value as it stands could be inserted in the above results and they would still be quite general, since V8 could be assumed to be a function of s. To reduce them in the special cases treated, to a form equivalent to that given by von Karman and Burgers, it must be assumed that the vortices remain at rest in the fluid once they are shed from the tail, and that therefore V8 is a constant independent of s, and in fact equal to w.* This means that the last term in the expression (3*1) for is zero and that the integral 
In These results now agree in every detail with those given by von Karman & Burgers.
6.
In their paper, mentioned previously, von Karman & Sears, following Wagner, Glauert and others, discuss certain cases of small oscillation of an aerofoil about the steady forward motion, on the basis of their approach to the theory, under the impression that it has certain advantages in the direction of physical clarity over the original approach by the piecemeal method of von Karman & Burgers. In so far, however, as their method is indirect and still somewhat disconnected in character when dealing with the small oscillation about different types of steady motion, it has certain disadvantages as compared with the much more general results obtain able by my own direct method, which has the additional advantage that it enables a precise estimate to be made at each stage of the effect of the assumptions adopted, on the first form of the result.
Their method is to assume a periodic solution of the general equations of small oscillation in the complex forms and then to assume that the wake extends from the trailing edge straight behind the aerofoil, and that the distribution of vorticity in the wake is specified by where 2 c si s the distance along the wake from the trailing edge. Each of these small oscillations p, q, to are dealt with separately and the coefficients U0, V0, w0 are assumed to be proportional to U. The equations of their theory then determine the lift and moment in terms of U.
I propose now to show that by my direct method this discussion may be extended considerably. In the first place the oscillations can all be assumed to be taking place simultaneously. Then without making the assumption that U0, V0, co0 are proportional to U,it is possible to discuss the dynamics of this oscillation, and in fact derive the period equation for A corresponding to that obtained in III. By comparing these 
10.
Having found these general expressions for the forces and couple on an aero foil moving in the manner described by equations (6-1), it would be as well perhaps to show that for the simpler cases treated by von Karman & Sears, they reduce to results which are consistent with theirs.
In the first place, in their analysis, the angle of attack a is zero, and the length of the chord of the aerofoil 2c is taken to be unity. This means that K 0(y+) = K 0(p_) = K 0^jjJ, = .
Then considering their case I, dealing with translatory motion, put
whence from equation (7*1) it is found that g is given by
This is equivalent to the value of g given on p. 385 of their paper when equation (25) On examination it will be found that these equations bear a close resemblance to the equations for the oscillation of the aerofoil when the effect of the wake is neg lected. What has really happened on the introduction of the effect of the wake is that some of the terms have been split up, the one part of such terms remaining as it is, being that which has arisen from the circulation, and the other part now showing the effect of the wake. As can be seen, all such terms are small in comparison with the other terms involving M and I G in the equations, and it can safely be said that the same approximations can again be taken as were taken before. This means that the equation for A reduces to Of course in writing down the criterion for stability it is the constant term in the equation which is the most important, and it is seen that this is the same in both cases. If, however, the coefficients of A and A2 are compared, one finds that the inclusion of the effect of the wake can be shown to influence the stability.
In fact, if x'G is taken to be the position of the centre of gravity when including the effect of the wake, then by equating the coefficients of A which are next in importance 47t/)c2(c + ±xG) = 167Tpc2x'0 -S7Tpc3y, x 'g = ^0+ Jc( 1 + 2 y), and similarly from the coefficients of A2
x'G = x0 + \c {l + 2y).
The second term is mainly important in connexion with the damping of the oscilla tions under review. Here it is seen that the effect of the trail is equivalent-as compared with the result without the trail-to a shift in the centre of gravity of the wing structure backwards towards the trailing edge and by a distance c(l + 2y)/4 = |c approx., or one-eighth of the chord length. This is probably the most important effect of all, as it shows that unless the centre of gravity of the structure is well forward the effect of the trail might easily convert a natural damping factor (negative exponen tial) into an increasing factor (positive exponential) indicating instability. For stability it is necessary in fact that xG> |y c > 0*28c = 0-07 (chord length).
In the third coefficient-the first in the equation-the effect is on the hydrodynamical inertia effect, itself only a first order correction to the rotational inertia of the aeroplane structure. And here again the effect is equivalent to a shift of the centre of gravity of the structure backwards towards the trailing edge and by a distance equal approximately to c or one-quarter of the chord length. In all the previous work dealing with vortices and a trail behind an aerofoil the Joukowski condition of finite velocity at the trailing edge is used, and therefore for these results to have any relevance to this work this condition must be used. In this particular case it reduces to 2cU sina -K 2n m i ------sinh r u) 277 { cosh 7}s + cos £sj It must also be noticed that before the vortex could be shed from the aerofoil there must have been at some time a change in velocity and therefore also in cir culation. Suppose that before the vortex is shed the velocity and circulation are U0 and K 0 respectively, and that the Joukowski condition at the trailing edge is satisfied, so that 2cU0 sin a -= 0. 
